Recent theoretical research suggests that property taxation has incentive effects and can contribute to lower costs in the public sector. We are able to investigate the empirical relevance of this proposition, since some, but not all, local governments in Norway have residential property tax. The raw data show that local governments with property tax have about 20% lower unit costs in utilities. The econometric analysis addresses issues of nonrandom selection and endogeneity. The alternative controls and matching comparisons are not able to wash out the difference in unit costs and indicate that property taxation has significant negative effect on costs. 
Introduction
Political institutions responsible for public service production face issues of cost control. The public services are often provided by lower-level agencies under monopoly, while the financing is arranged at the political level. Since the services are not delivered at an open market, the competitive mechanisms to secure cost-efficiency are not in place. The costs are difficult to evaluate, because the political institutions have limited ability to monitor the production of the bureau.
The broad background of this analysis is the suggestion by Brennan and Buchanan (1977) that revenue-maximizing governments can be constrained by the design of tax constitution. Glaeser (1996) links this to property taxes, and shows that property taxation works as an incentive mechanism for local service provision, since the services raise housing values and thereby the property tax base. Gordon and Wilson (2000) analyze similar relationships between voters and officials emphasizing government waste (or slack) and in the context of tax competition. Property taxation may reduce waste since the officials will take into account the feedback via property values. Hoxby (1999) provides a theoretical framework to analyze costs and efforts in schools and introduces property taxation as a disciplining device. Property taxation links school quality to school financing and helps control costs and efforts in schools.
The Norwegian public sector allows this first empirical investigation of the incentive effect of property taxation. Since we can separate between local governments with and without property tax financing, the Norwegian situation works like a natural experiment. The paper addresses unit costs of utility services. Utilities are assumed to be of direct importance for property values and therefore of particular relevance for the incentive effects of property taxation. Local governments are politically responsible for the utility service supply and control the budget of the bureau producing utility services. When the bureau has preferences for output and slack, a conflict of interest exists between politicians and bureaucrats in standard fashion. The limited information of the politicians about bureaucratic costs sets the stage for a regulation problem where the budget constraint of the bureau is important. The existence of a property tax influences the budget constraint, and we investigate the hypothesis that property taxation induces the bureau to set lower costs.
Our dataset covers unit costs of utilities and economic and demographic characteristics for Norwegian local governments during the period [1993] [1994] [1995] [1996] [1997] [1998] . Around 30% of the local governments have residential property tax. In a raw comparison of cost levels, local governments with property tax have more than 20% lower unit costs than those without. Two econometric challenges stand out. First, other characteristics may explain the different cost levels of utilities between local governments, notably the settlement pattern. Small local governments in the periphery do not have property tax and their cost level may be higher because of local cost conditions. We use standard regression analysis and matching to control for other observable characteristics. Second, background factors may influence both the cost level and the historical decision to have property tax. We attempt at controlling for this by using instrument variables. If local governments choose to have property tax because they have a problem of cost control, the possible estimation bias will tend to underestimate the cost reduction effect of having property tax.
Section 2 outlines a simple framework to understand the decision-making situation. The property taxes and the budget constraint of the bureau are analyzed in a model of local service production with mobile households. The model shows how the bureau sets unit costs dependent of the feedbacks via the housing market. The empirical formulation of the analysis is documented in Section 3. Estimation results for the benchmark econometric model including cost and political controls are reported in Section 4, while the estimates using matching are discussed in Section 5. Concluding remarks are written in Section 6.
Stylized model of property tax incentives
We study a setup where local governments provide services and their cost challenge is the control of lower-level bureaus organizing the service production. Local governments are basically financed by grants, but they can have property taxation and thereby influence marginal funds. Property tax incentives are about the financial constraints of the bureau. The bureau is assumed to have an information advantage and to enjoy budgetary slack. We will show how property tax financing affects the economic incentives of the bureau and thereby the costs of services.
Our starting point is a model of local public goods with mobile households. This workhorse model of local public finance combines household demand and location with political decisions about taxation and service supply. Glaeser (1996) applies a similar design in his discussion about incentive effects of property taxation. Wilson and Gordon (2000) develop a broader understanding of the housing market and a richer formulation of the problem of political control. Both Glaeser and Wilson and Gordon address the voter control of the local government, and do not introduce a bureau producing a service. Our formulation of the interaction with the bureau simplifies Hoxby (1999) . Boadway et al. (1999) recently have designed a model of government funded decentralized agencies emphasizing how the structuring of the financing creates incentives to reveal costs and induce effort. Their model includes several agencies and handles various incentive problems, but does not include a housing market.
The model assumes a large number of fixed and identical jurisdictions with identical and mobile households. The individual household preferences include private consumption q, housing h, and public services subject to bureau production x (all volume variables are measured per capita):
Marginal utilities are positive and declining in the three arguments and x is interpreted as utility services in the empirical analysis. The link between supply of utility services and housing demand is of importance for the incentive effects here, and we allow for complimentarity between housing and utility services. The individual voter allocates private income to private consumption and housing. It is assumed that her exogenous private income y finances private consumption and payment of the costs of housing (annualized gross housing price p). Housing wealth is not taken into account in the short-run budget constraint.
The individual optimization problem takes the housing price as given:
The demand function for housing depends on the gross price of housing, private income, and the supply of utility services:
The demand for housing and thereby the tax base of the property tax responds to the supply of local utility services given the assumption of complimentarity. More utility services shift the demand from private consumption to housing. The allocation of the individual household can be represented with an indirect utility function v in gross housing price, private income, and utility service supply:
In migration equilibrium the households are indifferent across communities, and the individual household obtains a global utility level U o :
The migration equilibrium includes two types of capitalization effects of utility services. First, more utility services raise the individual household demand for housing when they are complimentary. Second, more utility services make the community more attractive for inmigration. Both factors drive up the gross housing price, which can be represented by the following capitalization function:
The gross price of housing is a positive function of utility service supply and private income level. The individual housing demand and the reduced form migration equilibrium, equations (3) and (6), describe the determination of the property tax base. The property tax base feed into the budget constraint of the local government.
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The housing market must be in equilibrium. Aggregate community housing demand is Nh with N households, and total housing supply H is assumed exogenous in the short run. The housing market equilibrium is:
The equilibrium number of residents N responds to the utility service supply:
The adjustment of the population size when service supply goes up can be positive or negative. The capitalization of utility services into housing prices motivates inmigration, while the complimentarity effect contributes to higher housing demand and outmigration.
Weak complimentarity effect and elastic housing demand contributes to higher population size when service supply goes up. It should be noticed that utility services affect the housing price also in a closed economy. In this situation, equation (7) determines the housing price given the population size (and no migration equilibrium (5) is imposed).
The individual housing demand and the migration equilibrium are the key elements of the endogenous budget constraint of the bureau. We do not study a full political equilibrium, but concentrate on the incentive mechanism created by property taxation. The budget balance of the local government assumes that grants g finance mandated welfare services w (both measured in per capita terms) and utility services and with a possible role for property taxation. The unit costs of utilities c are endogenous, while welfare services have fixed unit costs equal to 1. Property tax revenue is determined by the tax rate, the net price of housing, and the available housing. The net price of housing is p/(1+t). Welfare service supply and the property tax rate are held constant, to highlight the relationship between unit costs of utilities and the funding available for utilities production. The assumption is not unrealistic in the case of Norway, since welfare service spending is mandated and all taxes are regulated. 1 Making use of the capitalization function (6), the budget constraint of utility services can be written:
Utilities are produced by a bureau and the local government has limited information about the cost conditions. The bureau sets unit costs based on its own preference for service output and slack and given the above budget constraint. The bureau utility function b = b(x, s) reflects positive marginal utility of service volume x and slack per unit s, db/dx > 0 and db/ds > 0.
The slack is measured by the reported unit costs in excess of the true unit costs c 0 , s = c-c 0 .
The utility function assumes that both x and s are normal goods. This basic formulation of bureaucratic behavior was suggested by Migue and Belanger (1974) , and the first order condition of the bureau utility maximization describes a Nash-equilibrium:
The bureau sets unit costs depending on the budget tradeoff between service output and slack.
Higher unit cost raises slack per unit by the same amount, but also reduces service supply given the budget constraint. In the case of no property taxation (t=0), the elasticity of service output with respect to unit costs is -1. In this case the bureau is financed by a fixed budget determined by grants in excess of welfare service spending (assuming g > w). Property taxation changes the budget responsiveness to unit costs, and the elasticity of service output with respect to unit costs is:
The second term of the denominator captures the change in tradeoff compared to a situation without property taxation. It follows that service supply is more responsive with property tax if the term within the parentheses is positive, i.e. if the per capita property tax base is an increasing function of the supply of utilities. An increase in x has two effects on the per capita property tax base. The first effect goes through housing prices and is clearly positive. The second effect goes through the population size and is positive (negative) if population size is a decreasing (increasing) function of x. When the population size is a decreasing function of x, the effect on the per capita property tax base is unambiguously positive, and the existence of a property tax clearly leads to lower cost. On the other hand, the effect of property taxation on costs becomes ambiguous when population size increases with x.
By utilizing the expression for the population response given by equation (8), the effect of property taxation can be related to the elasticity of housing demand:
It follows that price inelastic housing demand ( 1 < h ε ) is a sufficient condition for making service supply more responsive with property taxation. Consequently, the existence of property tax has a negative effect on costs as long as housing demand is not 'too' elastic. In his model of voter control, Glaeser (1996) reaches a similar condition and argues that available empirics supports inelastic housing demand.
The role of property taxation is discussed above assuming that the tax rate is regulated. Local discretion to set the property tax rate may reduce the demand responsiveness and thereby the incentive of cost control. A higher cost asked by the bureau for the utility service will partly be passed on to the taxpayers. The empirical analysis addresses the case of regulated property taxes.
Data and empirical specification
The cost level of utilities is a concern in the public debate in Norway. The large variation among municipalities has raised discussion about the working of the political system and control of bureaucratic waste. The unit cost measure applied relates to standardized households, and the unit cost varies from NOK 500 to 10000 (USD 60 to 1250) in 1995 (the year with the largest number of observations). About half of the local governments have costs per standardized household between NOK 2000 and 4000 (USD 250 to 500). The cost data are based on local government accounts and include calculated capital costs.
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The focus of the analysis is on variation in unit costs dependent on property taxation. We do not have independent observation of service quality. It can be argued that local governments with property taxation have more funds available on the margin and that this may raise the quality and thereby the costs. Since our hypothesis is that property taxation will reduce costs, the possible quality bias will tend to underestimate the cost reduction. We do control for local cost conditions, notably possible economies of scale and the settlement pattern of the population.
The fact that some local governments have and some have not residential property tax enables us to analyze the cost effects of the tax. In our dataset for 1995, 112 local governments have residential property tax, 276 have not, and 47 have missing cost data (total of 435).
3 The property tax is voluntary and is decided by the local council. In practice the set of local governments with property tax is quite stable over time and represents historical decisions, local governments do not opt in and out of property tax. The tax is regulated in two ways.
First, it is restricted to urban areas, The definition of an urban area is not that clear (decided by courts case for case), but it may explain why many small municipalities with decentralized 2 The data set covers discharge of sewage and are collected by Statistics Norway. The collection started in 1993
and is described in several reports (Bersvendsen et al., 1999 , document the 1997 survey). The cost measure includes capital costs, administrative costs, labor expenses and maintenance. Matching grants related to discharge of sewage are deducted. Capital costs are calculated in the same way for all local governments based on historical investments and the interest rate of the government bank for local governments (Kommunalbanken). In the analysis we focus on the unit cost, which is total costs divided by the number of standard users. A standard user is defined as a household consisting of three persons. Firms are converted into standard users based on their consumption of the service.
settlement pattern in the periphery do not have property tax. Second, the property tax rate is restricted to a narrow band, between 0.2 and 0.7 %. Most of the local governments with a property tax apply the maximum rate. The data describe the actual property tax revenue for a standardized house. In the local governments with residential property tax, the property tax on average is about NOK 1300 (USD 160) per standard house per year and does not vary that much with population size. and 5000 inhabitants. The summary statistics consequently are broadly consistent with the hypothesis derived of the theoretical model. Table 1 about here Two main econometric challenges stand out. The first relates to the non-random selection into property taxation. Local governments have themselves chosen to have property taxation at some historical date, and there may be systematic differences between those with and without property tax that influence the cost level. In particular, the smaller rural communities tend not to have property taxation and may at the same time experience cost disadvantages in the provision of utility services. We apply two methods to improve comparability, including control variables and using propensity matching. The control variables are meant to represent economies of scale and decentralized settlement pattern and include population size (POP) and the share of the population living in rural areas (RURAL). The matching analysis is presented in section 5.
Second, the endogeneity of the choice of having residential property tax must be addressed. It should be noticed that this endogeneity does not necessarily work to bias our results towards a large cost impact of property taxation. If high cost local governments have chosen to introduce property taxation to control their cost problem, the 'true' effect of having property taxation is underestimated in the raw data in Table 1 . In a discussion of the empirical evidence concerning the effects of budget institutions in the US states, Poterba (1994) questions 4 There is no official data on the use of residential property tax before 1996, and the instrument is a proxy variable that is constructed using information about whether the local government had property tax revenue in 1991 and the share of the property tax paid by power stations. Data on property taxes paid by power stations in 1991 are available from a survey conducted by a government commission proposing a new tax system for power stations. Local governments with a 'power station share' less than 75% and a population size above 3000, where defined as having residential property tax in 1991. where c it is the unit cost in community i in year t, etc. As control variables (CONTROLS) we have included two types of variables shown to important in local public finance in Norway (Borge and Rattsø, 1995) . The welfare services are mandated and oriented towards specific age groups of the population. This is captured by three variables describing the age composition of the population: the share of children 0-6 years of age (CH), youths 7-15 years (YO) and elderly 80 years and above (EL). The true budget constraint is intertemporal, and we have included net interest payment as share of revenue (IP) to take this into account.
Since the main variable of interest, the property tax dummy (PRTAX), has no time series variation at all, we cannot rely on estimation methods that only make use of the time series variation in the data. Common trend is captured by time specific constant terms ( t β ), and a set of county dummies (CD) is included to represent regional fixed effects. u is an error term. Appendix Table A1 .
Summary statistics of the variables are reported in

Regression analysis
We start out by estimating a benchmark model including private income, grants, a dummy variable for existence of residential property taxation, and the age and budget controls. The results are reported in Table 2 (Model A). The property tax dummy is highly significant, and the estimate implies that local governments with residential property tax, all else equal, have 8.5 % lower unit cost than local governments without a property tax. As expected, this estimate is substantially lower than indicated by Table 1.
In the next step, Model B, we include population size and settlement pattern as cost controls.
The estimates show the importance of accounting for structural cost conditions of the localities. A more decentralized settlement pattern clearly leads to higher costs. If the share of the population living in rural areas increases by 10 %-points, the unit cost increases by nearly 12 5 %. No evidence of economies of scale for utilities are captured by the population size variable, but the settlement pattern may capture some economies of scale. Inclusion of the cost controls reduces the effect of property taxation to 3.7 %, and the estimate becomes insignificant. Our interpretation is that unfavorable cost conditions in rural municipalities explain some of the high cost effect of not having property tax. Table 2 about here Political characteristics are included to account for background preference factors possibly influencing the choice of property taxation. The estimates reported for Model C shows that socialist orientation of the local council contributes to higher cost level. An increase in the share of socialists by 10 %-points will increase the unit cost by about 4 %. The Herfindahl index comes out with the expected negative sign, but is not statistically significant. The impact of ideology is consistent with other studies of political characteristics in Norway, notably Kalseth and Rattsø (1998) and Falch and Rattsø (1999) . Kalseth and Rattsø show that administrative costs go up with socialist orientation, whereas Falch and Rattsø relate socialist orientation to high spending per student in high schools. When the political controls are included, the effect of the property tax dummy becomes significant. In this case the effect of having property tax is 5 % lower costs.
To investigate the robustness of this complete model, the dummy variable for property taxation is excluded in Model D. A comparison of Models C and Model D shows that the impact of the local cost factors (RURAL and POP) and the political variables (SOC and HERF) are very robust to whether the property tax dummy is included or not. This indicates that the estimate of the property tax dummy does not capture the impact of (observed) background cost conditions and political preferences.
Model E deals more explicitly with the possible bias due to endogenous property taxation.
Here a residential property tax dummy for 1991 is used as instrument for the corresponding dummy for 1996. The property tax dummy is still highly significant, and the quantitative effect increases from 5% to 14%. OLS seems to underestimate the effect of property taxation, possibly reflecting that high cost communities introduce property taxation to avoid lower service standards.
The budget constraint facing the bureau also is influenced by exogenous grants and welfare service spending. According to the theory model in section 2, more grants give room for a higher budget for the bureau and thereby also higher costs. Mandated welfare spending is related to the age composition of the population, since welfare services are directed to specific age groups (primary school and care for the elderly). A shift in the age composition motivating higher welfare spending may reduce the budget of the bureau and also the costs. Demand pressure represents yet another aspect of the fiscal conditions. A comprehensive literature has addressed the economic consequences of demographic shift (see Borge and Rattsø, 1995 and Poterba, 1997) . Welfare services directed towards specific age groups of the population (kindergartens, schooling, care for the elderly) compete with local services like the utilities investigated here. Higher share of the population in the relevant age groups represents high demand for welfare services and fiscal pressure elsewhere. The shares of young and elderly have the expected negative effects on the unit cost, and the share of elderly is statistically significant. A 1 %-point increase in the share of elderly will reduce the unit cost by nearly 3-4 %.
Matching analysis
Local governments are not randomly selected into having property taxation and consequently we do not have a clean natural experiment. The background heterogeneity may disturb the comparison with respect to property taxation. As an alternative to the control variable method applied in the regression analysis, we here apply the matching method. The assumptions behind matching based on selection on observables are probably not strictly satisfied, but we do think that this analysis provides new information and is a check on the robustness of our regression results.
We compare the results of regression analysis and matching based on the propensity score. As shown by Angrist (1998) , regression estimates controlling for the same characteristics lead to different results from matching basically because the two methods represent different weights of the observed units. While the estimated coefficients of a regression reflect varianceweighted averages, the matching estimator generates weights that are proportional to the probability of property taxation given the observed characteristics.
In the terminology of matching, the outcome studied is the measured cost level, C i , for local government i. Having property tax is considered as a treatment, and the treated units can be compared with those without treatment, that is without property tax. Local government i either has property taxation (P i =1) or does not (P i =0). Local government i can have cost level with property tax C i (1) or without C i (0). The issue is whether property taxation influences the cost level, that is the effect of P on C. The analysis addresses the difference between the cost level of the local governments with property taxation and what cost level they would have had if they had not had property tax. In the program evaluation literature, this is called the effect of the treatment on the treated.
We would like to know the difference C i (1) -C i (0) for all observed local governments, but the fundamental problem is that we cannot observe both C i (0) and C i (1) for local government i. Our observations cover some local governments with property tax and some without. Since the difference cannot be observed for any local government, we must estimate some average difference based on observations of local governments with and without property tax. The statistical challenge is the possible sample selection bias since those without property tax are not representative of the performance of those with property tax in the counterfactual situation of no property tax. The cost level of those with property tax and those without are not identical in the situation of no property tax.
We have shown the raw comparison of average cost levels of the local governments with and without property taxation in Table 1 . Decomposition of the raw comparison of average cost levels between local governments with and without property tax clarifies the selection bias:
The first term on the right hand side shows what we are looking for, the average causal effect of property tax on the cost level in local governments with property tax (average treatment effect on the treated). The second term reflects the bias following when the cost level of those without property taxation is not necessarily representative of the cost level of the local governments with property taxation if they have not had property tax. There may be systematic differences in relevant characteristics between the two groups of local governments.
If the assignment of local governments to property taxation is random, we will have no bias, as:
Since the economic, political and historical background of having property tax is not random, we need to control for observed differences X i between local governments with and without property tax. The aim is to have observations of local governments without property tax that serve as valid control group for those with property tax. Identification of the causal effect (average effect of treatment on the treated, ATT) is achieved when conditioning on the observed characteristics make local governments with and without property tax comparable.
Since the observed characteristics X i are continuous, we apply the propensity score suggested by Rosenbaum and Rubin (1983) . The propensity score is the conditional probability of having property taxation:
The assumption behind this method is that assignment to property taxation depends only on observable variables. Rosenbaum and Rubin show that if conditioning of X i eliminates the selection bias, then conditioning on p(X i ) achieves the same:
Given this condition, we can identify the causal effect of property taxation:
The outer expectation is over the distribution of the characteristics of the local governments with property taxation. Our dataset offers information about the cost levels of the two groups of local governments and their characteristics, and the expression above can be calculated as comparison of averages given the estimated propensity scores. With the assumption above, observations with the same propensity score have the same distribution of the full vector of covariates X. Conditioning on the propensity score, each local government has the same probability of having property tax, as in a randomized experiment. The propensity score sorts out which comparison local governments are most relevant considering all the characteristics included.
The main problem in our dataset is the lack of observations about the pre-treatment situation.
The property tax has existed since the first half of the 19th century and has changed in form over time. Some local governments have opted in and out of property taxation over more than 150 years. The local governments we have today are basically constructed in the mid 1960s as the result of a reform consolidating about 750 units into about 450, and with implications for property taxation. It follows that we cannot claim a selection on observables, but we can still use the method to allow for different comparisons of local governments with and without property tax. Persson and Tabellini (2002) apply matching with a similar situation of no pretreatment observation of countries with different constitutions.
The propensity score function is estimated using pre-dated (1991) Second, since the property tax is restricted to urban areas, the settlement pattern and the population size are included to represent the relevance of the property tax for the municipality. Third, ideological orientation of the voters is expected to matter, and socialists are generally in favor of property taxation.
We apply the strata program developed by Becker and Ichino (2003) , and the standard probability model used to estimate the propensity score is the probit model. The estimation results using the 1995-data are reported in Table 3 . They show that exogenous revenue, settlement pattern and socialist orientation are important determinants of the probability of having property taxation. Local governments with high exogenous revenues, rural settlement pattern and low socialist orientation are less likely to have property tax. Table 3 about here
The balancing property of the estimation of the propensity score is essential for the comparison of cost levels. To test for the balancing, the propensity score is stratified in six blocks of equal range and the mean scores of those with property tax and those without are compared in each block. In the estimation, common support is assumed, and local governments without property tax with propensity score lower than the local government with lowest propensity score are excluded. We test whether the means of each characteristic for those with and without property tax are equal in each block. It appears that the equation shown in Table 3 is balanced.
Given the propensity scores satisfying the balancing property, we apply the four different methods of comparison programmed by Becker and Ichino: nearest neighbor, radius, kernel, and stratification. They represent alternative approaches to the selection of comparable units.
We refer to their description of the methods. Table 4 reports the results using cost data for 1995, the year with the largest number of observations. 5 It appears that the cost difference between local governments with and without property tax is estimated to about 10% in most alternatives and up to 18% under nearest neighbor matching. The statistical significance of the estimated difference varies, but the size of the effect is fairly stable. The standard errors are calculated assuming fixed weights and independent units. Tables 4 and 5 about here The number of comparison units varies according to method in Table 4 . Basically all 109 local governments with property tax are included, and they are compared with most of the 271 local governments without property tax. 6 The weights of the different units differ with respect to method. In the nearest neighbor alternative only 68 neighbors without property tax serve as comparison. To check for the robustness of the comparison, we have made matching with different assumptions about the size of the radius in Table 5 . In this case, the number of local governments both with and without property tax varies depends on the size of the radius, from 106 and down to 54 with property tax and from 256 down to 74 without. Even with this variation of comparable units the estimated cost effect is quite stable. The estimates with Kernel and stratification matching are also in the same order. We conclude that there seems to be a robust difference in unit costs between local governments with and without property tax and using alternative assumptions of matching comparisons.
Concluding remarks
The paper analyzes the incentive effects of property taxation with respect to control of costs.
The problem of cost control relates to a political institution that has delegated the production of a service to a bureau. Our theoretical framework focuses on a bureau producing utilities that are complementary to housing. In a world with mobile households, property tax financing establishes a link between provision of utilities and the property tax base. It is shown how property taxation may make slack more expensive for the bureau, thereby contributing to lower costs in provision of utilities.
Local governments in Norway allow for testing the proposition since about 30% of them have residential property tax while the rest have not. The raw data show that local governments with property tax have about 20% lower unit costs of utilities than local governments without property tax. The econometric analysis addresses issues of non-random selection into property tax and endogeneity of having property tax using standard regression and matching methods. The alternative controls and comparisons are not able to wash out the difference in unit costs and indicate that property taxation has significant negative effect on costs. A dummy variable that equals 1 if more than 50% of residential property is subject to property tax 0.305 (0.461)
